To clarify the ability of clinical and laboratory parameters to reflect target organ damage, especially left ventricular hypertrophy (LVH), we investigated which of these parameters might correlate to LVH as determined by electrocardiographic voltage at the first clinic visit in 108 (53 males and 55 females, average age 52 ± 10 years) untreated essential hypertensives. The sum of the amplitude of the S wave in lead V 1 plus that of the R wave in lead V 5 or V 6 (SV 1 + R(V 5 , V 6 )) was correlated
Introduction
In the treatment of hypertension, the early detection and prevention of cardiovascular complications are major concerns. Various associated metabolic disorders should also be taken into account to prevent cardiovascular complications. A higher incidence of cardiovascular event has been reported in subjects with target organ damage than in those without such damage, regardless of blood pressure (BP). [1] [2] [3] [4] Left ventricular hypertrophy (LVH) is a particularly important predictor of subsequent cardiac death and mortality from stroke and ischaemic heart disease. 5, 6 However, there have been few investigations of which laboratory findings are related to LVH at the first clinic visit in hypertensive individuals.
LVH is detected more accurately by echocardiogram than by electrocardiogram (ECG) due to the former's greater sensitivity. 7, 8 However, in clinical practice, an ECG has become popular as a diagnostic procedure due to its wide availability, lower cost and relative simplicity. The regression of ECG features of LVH has been reported to confer an improvement in the risk for cardiovascular disease. 9 Consequently, ECG is still recommended and widely used in screening for LVH. 10 In the present study, we first investigated the association between the BP level and target organ damage, especially LVH at the first visit. Next, we Correspondence: Dr Manabu Koga, Department of Internal Medicine, School of Medicine, Fukuoka University, 7-45-1 Nanakuma, Jonan-ku, Fukuoka 814-0180, Japan with blood pressure in both males and females. In subjects with LVH (SV 1 + R(V 5 , V 6 ) у 3.5mV), a stepwise multiple regression analysis revealed that SV 1 + R(V 5 , V 6 ) was associated with plasma renin activity (PRA) in both males and females, and with creatinine concentration (Cr) in males. These results suggest that PRA at the first visit could be a useful predictor of LVH in patients with essential hypertension.
investigated the relationships between LVH determined by ECG and the results of other laboratory examinations at the first visit in untreated essential hypertensives. We aimed to clarify which of the initial laboratory findings was associated with LVH on ECG.
Subjects and methods

Subjects
Fifty-three male and 56 female Japanese essential hypertensives of World Health Organization's stage I and II 11 whose BPs were 140/90 mm Hg or more when they first visited our out-patient clinic from 1985 to 1995 were included in this study.
We have asked all patients the duration of hypertension since diagnosed and family history of hypertension by interview. We did not include the subjects who have already received anti-hypertensive drugs. We confirmed this by interview for their interventions. Only one female out of 109 subjects was excluded, because BP normalised in a short period without anti-hypertensive drugs. As a result, we selected 53 males and 55 females (average age 52 ± 10 years) who were currently being treated for their hypertension in our clinic.
Measurement of BP and humoral parameters
BP at rest was measured indirectly with a cuff and mercury sphygmomanometer in the arm in a sitting position after a rest period of more than 10 min, and was expressed as the mean of duplicate measure-456 ments. We did not analyse BPs obtained at the second visit or later, since most of the subjects underwent a supervised lifestyle modification after the first visit as stated above.
Blood samples were obtained from an antecubital vein after the subject had rested for 15 min in a quiet room in the sitting position. Serum blood urea nitrogen (BUN), creatinine (Cr), sodium (Na) and potassium (K) concentrations, and total cholesterol (TC), triglyceride (TG) and high density lipoproteincholesterol (HDL-C) levels were also measured. The low density lipoprotein-cholesterol (LDL-C) level was calculated as TC minus the sum of HDL-C and very low density lipoprotein cholesterol (20% of TG) levels, according to the formula of Friedewald and colleagues. 12 Plasma renin activity (PRA) and the plasma aldosterone concentration (PAC) were determined by radioimmunoassay. Free plasma noradrenaline (PNA) was quantitated by high-performance liquid chromatography.
Electrocardiogram
A standard 12-lead ECG was recorded at 25 mm/s in all of the subjects in accordance with the recommendations of the American Heart Association. 13 The detection of LVH by ECG was based on the Sokolow-Lyon voltage criterion (sum of the amplitude of the S wave in lead V 1 and that of the R wave in lead V 5 orV 6 ) (SV 1 +R(V 5 ,V 6 )).
14 Although numerous ECG criteria have been proposed, the Sokolow-Lyon criterion is probably the most widely known and used.
Statistical analysis
The results are expressed as means ± standard deviation (s.d.). Comparisons between males and females were analysed by a two-tailed unpaired Student's t-test or a two-tailed unpaired Welch's t-test based on uniformity of variance. Comparisons between subjects with and without LVH in each gender were also analysed. Comparisons among subjects with, without and with an unknown family history were analysed by a one-factor analysis of variance in each gender. Simple correlations were assessed using Pearson's correlation coefficient. For significant correlative factors either males or females, forward stepwise multiple regression analyses were performed to select appropriate independent variables that produced the highest partial correlation with SV 1 +R(V 5 ,V 6 ). We deleted the duration of hypertension from simple correlation and forward stepwise multiple regression analyses, because our data may be referring to the duration since diagnosis. Differences were considered to be significant at P values of less than 0.05.
Results
The clinical characteristics of all (108) of the subjects are shown in Table 1 . Serum Cr and SV 1 +R(V 5 ,V 6 ) in males were higher than those in females, and HDL-C in males was lower than that in females. There were no differences in other baseline characteristics between males and females. PRA in males with a family history was higher than that in males without a family history (2.09 ± 1.30 vs 0.88 ± 0.53 ng/ml/hr, P Ͻ 0.005), but this was not the case in females. SV 1 +R(V 5 ,V 6 ) correlated with systolic, mean and diastolic BPs (SBP, MBP, DBP) in both males and females ( Figure 1) . TC (r = 0.33, P Ͻ 0.05), LDL-C (r = 0.33, P Ͻ 0.05) and Cr (r = 0.27, P Ͻ 0.05) in males, and BUN (r = 0.37, P Ͻ 0.01) in females correlated with SV 1 +R(V 5 ,V 6 ). The results of a multivariate analysis for SV 1 +R(V 5 ,V 6 ) are shown in Table 2 . TC in males and SBP in females were both associated with SV 1 +R(V 5 ,V 6 ).
In Table 3 , we compared the subjects with LVH to those without LVH in each gender. SBP of subjects with LVH was higher than that of subjects without LVH in both genders. TC in males and BUN in females with LVH were higher than those in subjects without LVH in each gender. In these patients with LVH, the correlations of SV 1 +R(V 5 ,V 6 ) with other parameters were analysed. SBP (r = 0.49, P Ͻ 0.0005), MBP (r = 0.43, P Ͻ 0.005) and DBP (r = 0.30, P Ͻ 0.05) in males, and SBP (r = 0.54, P Ͻ 0.05) in females correlated with SV 1 +R(V 5 ,V 6 ). PRA in both males and females (Figure 2 ), and LDL-C (r = 0.33, P Ͻ 0.05) and Cr (r = 0.30, P Ͻ 0.05) in males significantly correlated with SV 1 +R(V 5 ,V 6 ). The results of a multivariate analysis included PRA for SV 1 +R(V 5 ,V 6 ) in subjects with LVH are shown in Table 4 . Cr and PRA in males and PRA in females with LVH were associated with SV 1 +R(V 5 ,V 6 ).
Discussion
LVH is a more powerful predictor of subsequent cardiovascular complications than other risk factors. 15 The detection of cardiovascular complications is an important issue in the treatment of hypertension. LVH has long been considered a complication of hypertension and a sensitive predictor of subsequent cardiac death and mortality from stroke and ischaemic heart disease 5, 6 LVH defined by ECG criteria is still used as a marker of target organ damage because of its practical usefulness, [16] [17] [18] even though such damage can be detected more accurately by echocardiogram 9, 10 . In the present study, SV 1 +R(V 5 ,V 6 ) was positively correlated in both genders with BP at the first clinic visit. Simple correlation coefficients showed that SV 1 +R(V 5 ,V 6 ) was more closely related to SBP than to DBP. In accordance with our results, Cox and colleagues also found a correlation between SV 1 +R(V 5 ,V 6 ) and office SBP in isolated systolic hypertension, but not with office DBP. 19 The present study also indicated a significantly positive correlation between SV 1 +R(V 5 ,V 6 ) and both TC and LDL-C in males. In a stepwise multiple regression analysis, SV 1 +R(V 5 ,V 6 ) was most significantly associated with TC in males. The Heureka study 20 showed a positive correlation between the TC level and both SBP and DBP in both males and females. In addition, the Tromsø study 21 showed that TC and non-HDL-C levels increased with increasing SBP or DBP in both genders. As a possible mechanism of the association between serum cholesterol and BP, it has been pointed out that catecholamines increase serum cholesterol concentrations by enhancing hepatic 3-hydroxy-3-methylglutaryl coenzyme A reductase activity, 22 and by decreasing receptor-mediated cellular binding and uptake of LDL-C. 23 Indeed, significantly positive correlations between serum cholesterol and both PNA and DBP have been found in hypertensive men. 24 In the present study, the TC level in males was higher than the mean value in age-matched normotensive Japanese subjects (200 mg/dl). 25 TC in males with LVH was also significantly higher than that in males without LVH. On the other hand, the TC level in females was similar to the mean value in normotens- Table 3 Comparison of clinical characteristics between subjects with LVH (SV 1 +R(V 5 ,V 6 ) у 3.5 mV) and subjects without LVH (SV 1 +R(V 5 ,V 6 ) Ͻ3.5 mV)
Age (years) 52 ± 12 52 ± 10 54 ± 9 5 2 ± 10 Duration of hypertension (months) 13.7 ± 3.6 13.1 ± 3.0 13.8 ± 4.0 ** 11.3 ± 3.0 Cr (mg/dl) 0.8 ± 0.2 0.8 ± 0.2 0.6 ± 0.3 0.6 ± 0.1 Na/K 33.6 ± 2.7 33.9 ± 2.7 34.9 ± 3. ive subjects (220 mg/dl). 25 Free PNA in males tended to be higher than that in females (P = 0.07). Additionally, we found a correlation between free PNA and SBP only in males (r = 0.37, P Ͻ 0.01), although much of the noradrenaline derived in the circulation was sulfoconjugated form. 27 ,28 These results suggest that TC level may be influenced by PNA in males more than in females. PNA was also reported to be influenced not only by the level of efferent sympathetic activity, but also by clearance of noradrenaline. 26 Indeed, serum Cr in males was higher than that in females, which may influence PNA level.
Next, we compared the clinical characteristics of subjects with and without LVH and found that SBP in subjects with LVH was significantly higher than that in subjects without LVH in each gender. When we selected subjects with LVH, PRA was correlated with SV 1 +R(V 5 ,V 6 ) in both males and females. In a stepwise multiple regression analysis, SV 1 +R(V 5 ,V 6 ) was associated with PRA in both genders. Shigematsu and colleagues 29 reported that the circulating renin-angiotensin-aldosterone system was activated in hypertensive patients with concentric hypertrophy relative to that in hypertensives without LVH, suggesting that the renin-angiotensin-aldosterone system may play an important role in myocardial hypertrophy, in addition to BP load. In addition, PAC is reported to play an important role in the pathophysiology of myocardial fibrosis with LVH. 30 Along these lines, angiotension-converting enzyme inhibitors are reportedly the most effective antihypertensive drugs for reversing hypertensive hypertrophy. [31] [32] [33] While locally produced angiotensin II is involved in the pathogenesis of cardiac hypertrophy, 34 it is unclear whether this also involves chymase. Among subjects with LVH, SV 1 +R(V 5 ,V 6 ) was also associated with serum Cr in males. This result suggested that, in parallel with left ventricular size, renal function may be deteriorated, despite a normal Cr level in almost all of the subjects.
We also showed greater ECG voltage in males than in females in accordance with previous studies which showed significant gender difference in QRS voltages. [37] [38] [39] [40] [41] [42] [43] [44] This finding is probably due to the relatively larger body and heart sizes in males compared with females. 37, 38, 45 In summary, using ECG we found that SV 1 +R(V 5 ,V 6 ) was correlated with BP at the first clinic visit in both males and females. SV 1 +R(V 5 ,V 6 ) was associated with Cr in males with LVH. This result suggested that SV 1 +R(V 5 ,V 6 ) might be correlated with other important predictors as target organ damage. Additionally, in subjects who satisfied LVH criteria, SV 1 +R(V 5 ,V 6 ) was best associated with PRA in both genders. This result suggests that high PRA at the first visit may also be a predictor of LVH.
